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Within the framework of a technological and socio-economical study of pottery production in Tell Beydar (NE-
Syria) during the third millennium BC, the chemical composition and mineralogy of cooking pottery from that site has
been studied using polarizing microscopy, scanning electron microscopy with energy dispersive X-ray detection (SEM-
EDX) and X-ray diﬀraction by means of synchrotron radiation (SR-XRD). The obtained data were used to make
inferences concerning the pottery’s technology, such as clay preparation and ﬁring techniques.
 2004 Elsevier B.V. All rights reserved.
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Ceramics are amongst the artifacts that are
most frequently unearthed by the archaeologist.
These utilitarian goods are generally found in a
fragmentary state, but frequently also complete
pots are exposed. Such an assemblage of pottery is
composed of diﬀerent types of vessels, character-
ized by diﬀerent fabrics, forming techniques,
shapes, decorations, functions, etc. One of these
types of ceramics, which is found in most cultures
and in most eras, is what archaeologists label as* Corresponding author. Tel.: +32-9-264-4826; fax: +32-9-
264-4960.
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doi:10.1016/j.nimb.2004.02.032cooking pots or cooking ware. Due to their speciﬁc
function, they have to fulﬁl certain conditions and
therefore they are believed to be easily recogniz-
able. Cooking pots are likely to have rounded
shapes to avoid thermal damage and for greater
exposure to heat. They also have relatively thin
walls for better heat conduction and reduction of
the thermal gradient between the surfaces. More-
over, cooking pots are usually coarse textured,
porous, and tempered with material having low
thermal expansion coeﬃcients, all this to reduce
thermal stresses [1].
In an attempt to assess to which extent third
millennium BC cooking pots from Upper Meso-
potamia correspond to this image of the ‘typical’
or ‘ideal’ cooking pot, cooking pottery from Tell
Beydar (NE-Syria) has been investigated using aved.
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stand the pottery’s mineralogy, thin sections of 41
cooking ware samples have been investigated using
polarizing microscopy; 18 of them were also ana-
lyzed by X-ray diﬀraction using synchrotron
radiation (SR-XRD). To obtain an idea of the
alleged local character of the pottery, the latter
technique was also used to study the mineralogy of
4 local clay samples, 5 clay seal impressions, and
an object in unbaked clay. While we cannot know
if the local clay samples represent clay beds that
were exploited in antiquity, we can be sure that
the seal impressions and the clay object represent
resources that were used 4500 years ago, be it
not necessary for pottery production. Finally, 11
cooking ware samples and 8 basalt samples (the
latter being surface ﬁnds that were taken from
basalt outcrops near the site) were investigated
using a scanning electron microscope with an en-
ergy dispersive X-ray detector attached to it
(SEM-EDX).2. Experimental
XRD is one of the most direct techniques for
the identiﬁcation of the mineral composition of
ceramics as it can be used to analyze both inclu-
sions and matrix. Its main disadvantage is that
data collection can be quite time-consuming, each
data set requiring several hours. It is mainly for
this reason that XRD analysis is usually applied
only to a limited set of samples. The data collec-
tion time can be reduced by orders of magnitude,
using synchrotron X-rays and a fast area detector.
An additional advantage of 2D data recording is
that an easy distinction can be made between ﬁne-
particle phases, such as hercynite in pottery pro-
duced under reducing conditions, and overlapping
reﬂections of coarser material such as quartz. In
this study 2D diﬀraction patterns were acquired
using a CCD detector at station 9.6 of the syn-
chrotron radiation source at Daresbury Labora-
tory (UK). Powdered ceramics were loaded in 0.5
mm quartz capillaries. The beam footprint was
200–250 lm and the exposure times 3–4 min in
single bunch mode. The data were polar trans-
formed and azimuth integrated using the using theESRF program FIT2D [2]. Macros permit batch
processing of several datasets at a time. A corre-
lation facility maybe used to sort data according to
overall similarity.
Polarizing microscopy (Olympus SZX12 and
DP10 digital camera system) was used to study the
mineral inclusions in the clay matrix, but also
the structure of that matrix was considered. The
combination of petrology and XRD allows us to
describe the ‘overall’ mineralogy of ceramics: clay
constituents, possible altered mineral phases, and
non-plastic mineral inclusions.
Finally, for a full understanding of the cer-
amic’s mineralogy, one should also consider its
elemental composition, since these two are inter-
related. The elemental composition of the pottery
and of its inclusions, as well as the composition of
the basalt’s mineral constituents, was analyzed by
scanning electron microscopy (JEOL JSM-6300)
with an energy dispersive spectrometer (SEM-
EDX). This technique also enabled us to study the
pottery’s microstructure. The investigated sherds
were ﬁrst embedded in a resin, whereupon their
sections were gradually smoothed using water-
proof abrasive paper up to grade 4000. A 20 k eV,
1 nA electron beam was used to bombard the
samples and signals were accumulated during 100 s
(live time). For the determination of the approxi-
mate bulk composition, several areas of 10–25
mm2 were rastered, the exact size of the area and
the number of places scanned depending on the
size of the sample. Standardless ZAF corrections
were used for obtaining quantitative results.3. Results
A preliminary investigation of the pottery
shows that it possesses many of the already men-
tioned typical cooking pot features. Their shape is
rounded; they have a rather open texture, with a
fabric containing many large inclusions (Figs. 1
and 2). Although the upper parts of Tell Beydar
cooking pots are not particularly thin walled
(typical vessel walls having a thickness of 1 cm or
even more), the few larger body sherds and more
or less complete cooking pots that have been
found, indicate that they were signiﬁcantly thinner
Fig. 1. Cross sections of some typical cooking ware as used in
Tell Beydar.
Fig. 2. (a) Micrograph of CW104 showing large calcitic inclu-
sions (30); (b) micrograph of CW208 showing large volcanic
rock inclusions (40).
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ware from Tell Beydar is the burnished outside
surface. Most of the few open cooking ware shapes
that are found also show this feature on the inside.
Observation by naked eye or using low power
magniﬁcation may allow a general division to
groups of fabrics which can be further identiﬁed or
subdivided when studying thin section specimens.
In this case it can be observed that two diﬀerent
fabrics exist (Fig. 2), both containing a rather large
amount (up to 35 vol.%) of big mineral inclusions.
The two groups can also be clearly distinguished
when studying the cooking ware samples in thin
section (Fig. 3). The ﬁrst group is characterized by
large limestone inclusions of up to 2 mm. In
addition, fragments of quartz and plagioclase are
also present (<250 lm). Often small black opaque
iron oxide inclusions, as well as mica (biotite) are
found. In some isolated cases hardly any limestone
is present, but angular monocrystalline calcite
inclusions can be found instead. The second group
is diﬀerentiated from the ﬁrst one by the presence
of large basalt inclusions (<1.5–2 mm). All mineral
inclusions that are present in the samples from the
ﬁrst group are usually also found in the samples
from the second one. This means that in the sec-
ond group, large limestone inclusions exist next to
the basalt inclusions, albeit usually in smaller sizes
and quantities. The size, shape and quantity of thelarge limestone and basalt inclusions indicate that
they were added by the potter. This basaltic
cooking ware fabric is also attested at some other
sites in the region, e.g. Tell Rad Shaqrah [3], Tell
Brak [4] and Tell Bderi [5]. Several elements indi-
cate that the basalt, which was used for tempering
cooking ware, was taken from outcrops only a few
hundred meters west of the site (the Ard esh-
Sheikh plateau). As an example, Table 1 shows the
elemental composition of pyroxenes in basalt from
the plateau to be very similar to that of pyroxenes
in basalt fragments in Tell Beydar cooking ware.
The twofold division of the cooking ware sam-
ples (limestone tempered versus basalt tempered) is
Fig. 3. (a) Petrograph of CW117 showing limestone inclusions
(XP, 80); (b) petrograph of CW210 showing basalt and
limestone inclusions, top right corner shows quartz (XP, 80).
Table 1
Elemental composition of pyroxene in basalt rock samples and cookin
EDX (wt%)
SiO2 Al2O3 Fe2O3 Na2
BL1 45.4 5.0 14.3 0.1
BL2 47.4 4.5 10.2 0.1
BL3 47.1 4.5 11.6 0.1
BL4 47.1 4.2 11.3 0.2
BL5 45.3 5.1 13.6 0.3
BL6 48.8 2.9 12.5 0.3
BL7 46.1 5.0 12.2 0.2
BL8 44.7 5.4 13.1 b.d.
cs204px1 47.3 4.8 9.5 1.2
cs205px1 46.7 5.0 9.9 b.d.
cs206px1 47.8 4.6 9.8 0.4
cs206px2 46.7 4.8 12.3 0.2
cs207px1 43.9 6.4 12.4 0.5
cs208px1 47.0 5.0 10.3 0.4
cs209px1 46.3 4.7 13.0 0.3
cs209px2 46.6 4.8 11.2 0.4
First 8 samples are rock samples, Fe2O3t¼ total iron oxide, b.d.l.¼b
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2). In the ﬁrst group calcite outnumbers all other
components (hence the lower quartz values), while
the second group contains pyroxene and more
plagioclase, resulting from the basalt inclusions.
Although the large limestone inclusions are clearly
added by the potter, Table 2 shows us that also the
soil samples have calcite as their major constituent,
followed by quartz. Calcite is not the only car-
bonate material in the soil samples, since also some
dolomite is present. The actual clay minerals are
illite, kaolinite and montmorillonite. Finally, also
plagioclase is present. The mineralogical composi-
tion of the seal impressions and of the unbaked clay
object is very similar to that of the soil samples,
only small diﬀerences in illite and montmorillonite
are observed. In addition, the relative abundance
of dolomite in some of the seal impressions is
higher. These diﬀerences might be caused by a
possible preparation of the raw materials before
using them, thereby altering the relative abun-
dances of the constituents [6]. However, it is not
excluded that also postdepositional factors play a
role. The predominance of calcite in these samples
indicates that local resources are rich in calcium.
Most of these carbonates and clay minerals are
also present in the cooking ware samples. Their
presence in the pottery samples indicates that it wasg ware basalt inclusions from Tell Beydar as revealed by SEM-
O CaO MgO TiO2 K2O
20.9 10.1 3.7 b.d.l.
21.7 12.7 2.6 b.d.l.
20.8 12.4 2.9 b.d.l.
21.1 13.0 2.6 b.d.l.
20.7 11.1 3.6 b.d.l.
20.0 13.4 1.7 b.d.l.
21.0 11.8 3.2 b.d.l.
l. 21.2 10.8 4.1 b.d.l.
19.9 14.1 2.3 0.1
l. 21.6 13.3 2.8 b.d.l.
20.9 13.7 2.4 b.d.l.
20.5 11.8 3.3 b.d.l.
20.8 11.1 4.5 b.d.l.
21.5 12.8 2.8 0.1
20.3 11.9 2.9 b.d.l.
20.7 13.0 3.0 b.d.l.
elow detection limit.
Table 2
Mineral phases of Tell Beydar clay samples, seal impressions and cooking ware samples as revealed by SR-XRD
Q Ca Dol Plg Ill Kao Mm Px
Clay xx xxx x x x x x
Seal impressions+ object xx xxx x(x) x x+ x x)
Cooking ware 1 x xxx (x)) x) x (x)
Cooking ware 2 xxx xxx (x) x(x) x x x(+)
Q¼ quartz, Ca¼ calcite, Dol¼ dolomite, Plg¼ plagioclase, Ill¼ illite, Kao¼ kaolinite, Mm¼montmorillonite, Px¼pyroxene;
xxx¼major phase, xx¼ present in large quantities, x¼present, brackets¼not in all samples.
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nite loses its stability rather abruptly at 500–600
C, montmorillonite and illite dehydrate more
slowly, and the loss of OH water is often only
complete after ﬁring up to 900 C [7,8]. Table 2
shows that, assuming our clay samples represent or
are similar to the clay that was used in the pro-
duction of cooking ware, the temperature at which
kaolinite loses its stability has been exceeded in the
ﬁring of cooking ware. The absence of any calcium
aluminosilicate phases, in combination with the
presence of montmorillonite and illite, indicates a
temperature of 850 C as the upper limit in the
estimated range for the ﬁring temperatures. Based
on the analytical results, it is preferable to suggest a
ﬁring temperature in the range of 600–850 C. The
presence or absence of any sintering or vitriﬁcation
in the SEMmicrographs could cut this broad range
as greater or less than 750 C.
It is not excluded that the ﬁring technology dif-
fered between the two cooking ware groups, given
their diﬀerences in dolomite and montmorillonite
contents. This could suggest a lower temperature, a
shorter ﬁring cycle, a diﬀerent ﬁring atmosphere, or
a combination of these factors for the basalt-tem-
pered subgroup. However, the lower values for
dolomite and montmorillonite in the limestone-
tempered subgroup could also be caused by the
extremely high value for calcite, its high peak low-
ering the relative amounts of the other minerals (as
it is probably the case for quartz values).4. Conclusions
It is obvious that third millennium cooking
pottery from Tell Beydar shows several of the‘typical’ cooking pot attributes. On a macrotech-
nological level, these attributes are roundness of
shape, thin walls (especially the lower parts of the
pots) and the burnished surface.
Calcite has a thermal expansion coeﬃcient that
is similar to that of clay. Therefore the addition of
large limestone inclusions reduces thermal stresses
that are generated within the ceramic during sub-
sequent heating and cooling. Our mineralogical
data indicates that a relatively low ﬁring temper-
ature was used during ﬁring of the pottery. A low
ﬁring temperature prevents calcite from decom-
posing. If temperatures high enough for decom-
position would be attained during ﬁring of the
pottery, the thermal expansion coeﬃcient would
not be similar to that of clay anymore. In addition,
lime blowing would occur. With such large
amounts of calcite present in the paste, this would
result in the complete destruction of the pot.
It is not clear why basalt-tempered cooking
pottery was made next to the limestone-tempered
ware. The shapes of the vessels made with the two
fabrics show no diﬀerence, nor do any of their
other features. The possible diﬀerences in ﬁring
technology might indicate that the two kinds of
cooking pottery represent diﬀerent potting tradi-
tions or workshops.Acknowledgements
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